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Abstract The effect of 17/3-estradioI or proges- ;vLipemia of pregnancy, which is essentially a rise in 
.terone administration on adipose tissue lipoprotein lipase plasma triglyceride concentration, is related to changes ! 

activity was studied in male and ovariectomized female in the level of lipoprotein lipase activity in adipose 

- rats. Lipoprotein lipase activity was measured in ace- tissue and mammary gland in the rat (2, 3). A few 

; tone-ether-extracted preparations of adipose tissue with days before parturition, during the peak of hyperlipe- v* 

doubly labeled ( M C-fatty acid, a H-glyceryl) chylomicron mia adipose tissue lipoprotein lipase is almost com- r 7 

£ triglyceride as substrate. Administration of 170-estra- pletely inhibited. Disappearance of the lipemia just be- ^ 

diol to male rats lowered adipose tissue lipoprotein fore parturition is directly related to a marked rise in v 

addition ^ 
have 

treated group. Ovariectomy increased adipose tissue been reported in women on mixed contraceptives (4. 5) ; / 

the lipemia seems to be caused by the estrogen com- 
ponent only (S). •';*$%$:, f ; C,r/' 

There are marked changes in blood estrogen conceri-* 


‘^4 5 ‘ ’t' lipase activity from 8.22±1.8 U/g (1 U=1 mol tri- mammary gland lipoprotein lipase activity. In addit 

glyceride hydrolyzed per h) to 4.96±0.5 U/g in the to pregnancy, increased plasma triglyceride levels h; 
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lipoprotein lipase activity from 10.4±L8 U/g in controls 
22.7±4.3 U/g. 170-Estradiol administration to 
ovariectomized rats caused a marked fall in adipose 
tissue lipoprotein lipase activity: 170-estradiol (2.5 
' ^it%%^4:T*g/day) lowered the enzyme activity to 9.00±1.2 U/g, 
-whereas 25 j*g/day further decreased lipoprotein lipase 
activity to 3.2±0.6 U/g. Blood triglyceride levels in- 
/.creased from 0.8±0.05 /xmol/ml in ovariectomized rats 
:.4'to 1.4±0.09 Mmol/ml in 25 Mg/day 170-estradiol-treated 
; rats. Progesterone administration did not affect adipose 
‘tissue lipoprotein lipase activity in either male or 


tration during the estrous cycle in the rat (6). A com; 
parison of lipoprotein lipase activity in adipose tissue 
of male with that of female rats showed that in males 


the activity level was almost constant, whereas Wide 
fluctuations were observed in females. 1 This observation*^ 


raised the possibility that female sex hormones might j 


At 

- ^ i ovariectomized rats. Heart and lung lipoprotein lipase 


activity was unaffected by hormone treatment. We sug- 
^L' r ^'^/'-^’gest that the rise in blood triglyceride concentrations. 



'.which accompanies high plasma estrogen levels, could 
r ' - - be due to the marked inhibition of adipose tissue lipo- 


• • -Vy '■ : ‘ ;■ 

Animals. Adult male and female Sprague-Dawley rats ^ 
delivered by cesarean section were used in this study.’The 
rats were purchased from Charles River Breeding Labora-^ 






protein lipase activity. 

INTRODUCTION 
There is now considerable evidence that plasma tri- 


tories, Inc, Wilmington, Mass. The animals were caged _ J 
individually and had free access to food (Purina Labora- ;;4 




' -**■ A"’*; 


f V Tt>a, 


glycerides are hydrolyzed to free fatty acids during their 
removal from blood. This process is catalyzed and regu¬ 
lated by lipoprotein lipase, an enzyme active in or near 
the capillary wall (1). - ... V : 
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the Southern Section of the American Federation for Clini¬ 
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tory Chow, Ralston Purina Co., St. Louis, Mo.) and water. 

Hormone preparations. 170-Estradiol (Depo-estradiol cy- 
pionate) and progesterone (Depo-Provera [medroxyproges- ’/ 
terone acetate suspension U.S.P.]) where purchased from 
the Upjohn Co., Kalamazoo, Mich. Male rats were given „/ 
the hormones by intraperitoneal injection once weekly for 8 
wk: 170-estradiol 50 ^g, or progesterone 5 mg, in 0.1 ml 
saline. Hormone treatment of ovariectomized rats was 
started 2 wk after surgery. The rats were given 170- 
estradiol or progesterone in 0.1 ml corn oil by subcutaneous 


1 Hamosh, M., P. Hamosh, and R. O. Scow. Unpublished 
observations. • • '' * : . . - i. : . 
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Lipoprotein 'y/A - .*» 
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No. of 

lipase ., < - 

; > y 

■ Treatment} 

,.. animals*; 

activity 




•. V/Z 

■ • 

. .None t 

• : y 12 , 

8.22 ±0.88 ,yvv.y 


170-Estradiol 


4.96 ±0.52** . ■ • V' 


; Progesterone 

i 2 ■ :y 

8.36±0.67 \y>’' V 


and glycerol with 1 U of activity = 1 /<moI of triglyceride 

: Wm Iil| 

/. - RESULTS 

Effect of 170-estradiol and progesterone on lipopro-ff.^ 
tein lipase activity in adipose tissue of male rats^ 

V (Table I), There was a marked decrease in lipopro- ; 

T" tein lipase activity in epididymal adipose tissue of maje^J 


•* 170-Estradiol was injected i.p. 50 pg in 0.1 ml once weekly. 


" Progesterone treatment had no effect on adipose tissue 


ipY 


t Progesterone was injected i.p. 5.0 mg in 0.1 ml onceweekly.^protein «Pase activity. The weight gain in 
} Hormones were administered for a period of 8 wk. ^ iree £ rou P s ra * s was no * markedly ditterent. Lipo- 

1) Weight gain during the 8-wk period of treatment was protein lipase activity in heart and lung of male rats 

335±10.7 g in control, 320±24 g in progesterone-treated, and was unaffected by estrogen or progesterone treatment, ^ 

■ 290±7.8 g in 170-estradiol-treated rats. ///Effect of 170-estradiol and progesterone.'bri lipepro- 

, T1 unit of lipoprotein lipase » 1 *mol triglyceride hydrolyzed tein lipase activity in adipose tissue of ovariectomised f;^^. 
per h. The activity"rate for each tissue is the result of four 
separate determinations/ •/. ///. /• 

•• Values significantly different from control (P < 0.05) 

^6 ?- „ , - , . • ,-*;v • ry'<m 

$;/ .injection daily for 7 days. One group of animals received ^ . W ^ a ^ ter °P eratlon * Plasma triglyceride con-, 

//Vy. 2.5 fig 170-estradiol, a second group 25 fig t a^third group centration was in the normal range in both control and 
1^#// was given 5 mg progesterone; controls received 0.1 ml corn ovariectomized rats. Administration of 2.5 Mg 170-es- 

. oil daily. The dosage of 17^-estradiolI was chosen to be in tradiol daily for a period of 7 davs to ovariectomized '/M 

the range administered by Chen and Meites (7) and lower m • • A . . .. / . . .. 

than that given by Cairns and Constantinides (8). , >, ; ! ^. rats decreased hpoprote.n lipase act.v.ty ,n ad,pose t,s- . ^ 

Lipoprotein lipase assay. The animals were anesthetized sue *° l eve ls similar to those in control unoperated ani- 



%V\ . 


with sodium pentobarbital (12.5 mg/rat) and exsanguinated 
through the heart Ovariectomized rats were examined at 
autopsy to insure the complete removal of the ovaries. The 
■•//uteri were dissected and weighed in order to check the 
P ' * effect of hormone treatment. Dried defatted powders of 

' adipose tissue, heart, and lung were prepared and assayed 

•v. ••• '// -V,. v- ■ • . • -V.:' • 
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mals. Increasing the dose of 170-estradiol to 25 fig daily 
caused a further decrease in the level of adipose tissue 
lipoprotein lipase activity and a concomitant rise in ,, 
plasma triglyceride concentration. Animals in the five 
different groups had a similar weight gain during the 

. ' ' v : 


■ .V ' r 


Lv 



/•// 


;/ r '7/>',•••/'"/. * / Table II 

Effect of 170-Estradiol and Progesterone 
/''///-> ■ ' : ’ Adipose Tissue of Ckariectomized Rats 


V. 


ie on Lipoprotein Lipase Activity in y.y ,.’*vy- v 
iariectomized Rats 


i. i t - r . Animals 

■ v.v; v,‘, i Treatment^ ■ ^ y 

\ No. of 
; animalsj 

Lipoprotein 

lipase 

'activity} vVfi'y 

A; •■V'Hv; v-y r 

'Plasma 

triglyceride / 



■v /. y;;r - **y' 

.» 'j ; • - # . ; , 


: :Wm. 

jfr pmol/ml 

; y ' ; : ,, Control 

; None 

; 6 

. 10.40±1.8 — 

• 0.85 ±0.05 

" ,w " " "" "■ Ovariectomized 

' None '' 1 

9 

■/ ■- 22.72 ±4.3S “ ' 

0.80 ±0.05 

.- t yy^-v v ^-vy^ <, -y y '/yy. • y ■ 

170-Estradiol, 25 pg 

y ■;> 5 

. v 9.00±1.17^ 

—' , • 


170-Estradiol, 25 ^g 

5 

3.2o±o.6o;;^r 

i.40dhb.09^r 

;< j '' r . ’ * ' -'1 '' 

Progesterone, 5 mg 

8 

" 22.28±1.71 

v:..— , y ; 


■ * Vs 


--Results arc mean±SE. ,y ; . yv..- f 

... I* 170-Estradiol or progesterone were dispersed in corn oil and injected daily (0.1 ml sub¬ 
cutaneous) for a period of 7 days. > 1 ‘ , y * - • ; ' 

J Weight gain during the 7 days of treatment was 29±5 g in control, 32±4 g in ovariectom¬ 
ized, 24±3 and 21 ±2 g in 170-estradiol-treated rats (2.5 and 25 fig/d ay, respectively), 
and 21 ±3.2 g in progesterone-treated rats. V • 

§ The activity rate for each tissue is the result of four separate determinations. 

|| Values significantly different from control (P » 0.01). . , . - 

? Values significantly different from ovariectomized (P =* 0.01). / J J 
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^ cart ail< * .!« n S was not affected by 170-estradiol /and II). V ■;*//; 

/i/v ^'-y jf^ ^administration.have r< ^cntly shown that the very low 
: .9 :;. / "■, j&A'V'’/Heart lipoprotein lipase was 41.3±5.3 U/g in ovari- of lipoprotein lipase in adipose tissue of lactating rats 

ectomized rats, 33.3±3.0 U/g in 2.5 fig and 43.9±3.3 the result of inhibition of enzyme synthesis by prolactin 

9 ./£'■. U/g in 25 Mg 170-estradiol-treated animals, and 49.2±1.4 (15). We do not know at present whether the low adi- 

• ^ U/g in progesterone-treated rats. Lipoprotein ^pase in pose tissue lipoprotein lipase "activity in ^ S l r( >gen- V ^^^K|® 

• "M'' r 'th c lung was 13.0±0.88 in control unoperated rats, . treated rats is caused directly by this hormone or 

; I2.00±2.54, 10.50±0.60, and 122±2.0 U/g in whether it is mediated through the secretion “of 

'/ ;. m^^ovariectomizcd untreated, 2.5 Mg and 25 Mg 170-estradiol- k prolactin. . 

’ progesterone-treated rats, respectively. Blood Estrogen administration" to ovariectomized rats has ’ 

- ^ cve ^ s werc 0*S5±0.05 Mmol/ml in control un- ^‘been shown to increase both anterior pituitary an d^ se- 

</V^^;/’operatcd rats, 0.80±0.05 Mmol/ml in ovariectomized rats V rum prolactin concentrations (7). The high levels “of r 

- ••••*’2;-^^,,and 1.4i:0.09 Mmol/ml in ovariectomized rats treated adipose tissue lipoprotein lipase activity in some of the 

with 25 Mg/day 170-estradiol. There was a sevenfold control females and in pregnant rats during the first 2 

.increase in the wet weight of the uterus after treatment wk of gestation (3) could be due to the low levels 

^%K/''of ovariectomized rats with either 2.5 or 25 Mg 170- both estrogen (6) and prolactin (16) during metestrus \ 

- /3/r/ estradiol daily for a period of 7 days; the uterus wet and diestrus and during the first 2 wk of gestation. 5 


> weight increased less than twofold after progesterone Estrogen or progesterone treatment did not affect J^pj§pj 
treatment. / ! ‘ *>**•* ,/W;/^ )JsV .///■ >/:/lipoprotein lipase activity in heart and lung. 

*'*&.• <;• ••• '■(: -'/’A; : do not know at present what is the quantitative 


DISCUSSIOX 


Jv^r. The effect of sex hormones on lipoprotein lipas? activity 
/."w'Afv -/ has been limited to the study of the enzyme present in 
postheparin plasma (4, 5, 10, 11). These studies have 
• . been carried out mainly in the human (4, 5, 10, 11). 

f Postheparin lipolytic activity is a mixture of enzymes 
1 • * 'vWi containing lipoprotein lipase of extrahepatic origin and 
Jpt. triglyceride lipase of hepatic origin (12). The two lipo- 
4 ■> • -' lytic activities, hepatic and extrahepatic, have different 

v- substrate specificity, triglyceride emulsions and lipo- 

^v, protein-triglyceride, respectively, and respond differ- 
ently to enzyme inhibition (12, 13). It has recently been 
shown that postheparin lipolytic activity of extrahepatic 
j^^^vTT^^^origin (12) is highest in postmenopausal women (13). 

rats ovariectomy increases and estrogen administra- 
j . Mo tion decreases postheparin lipolytic activity (8). There 
no information, however, on the effect of estrogen 
P ro S esterone on tissue levels of lipoprotein lipase 
' al | j |W ; >n either man or other mammals. The present study 
^^"^fshows that estrogen administration caused a marked 
. ^decrease in the level of lipoprotein lipase activity in 
adipose tissue of male or ovariectomized rats (Tables 
, 4.i- |f^M an d II). There was a concomitant increase in plasma 
triglyceride concentration (Table II). Administration of 
"V; v ' v progesterone did not affect the enzyme activity in adi- 

> • pose tissue of either male or ovariectomized rats. 

Studies in vivo and in vitro in the rat have shown 
w.-r: . that lipoprotein lipase activity in adipose tissue is 

markedly decreased during fasting (14), lactation (2, 
/i 1 . 3), and in diabetes (14). The decrease in lipoprotein 

’ * lipase activity after estrogen treatment was not caused 

: by inadequate food intake since the rats in the differ- 

/, ent experimental groups (control, ovariectomized, and 

V 1134 M. Hamosh and P. Hamosh 


’We do not know at present what is the quantitative 
* contribution of hepatic and extrahepatic tissues to the 
clearing of blood triglyceride. However, the presence of 
y ity very low levels of lipase of extrahepatic origin and ^ 

* m normal levels of hepatic lipase in postheparin plasma° 

jave 0 f patients with hyperchylomicronemia (13) indicates '.wtm 

U). that the extrahepatic tissues play a major role in the 

mes clearing of blood triglyceride. This assumption agrees ^mm 

and well with the data of Bragdon and Gordon, who showed 

*P°* that in the rat, 32% of chylomicron-triglyceride fatty 


acids were present in adipose tissue 10 min after intra- 
venous injection of 14 C-fatty acid-labeled chylomicrons 
(17). The decrease in adipose tissue lipoprotein lipase 
activity without the concomitant increase in enzyme ac- 
tivity in other tissues could lead to a rise in plasma trj-, 
glyceride levels as a result of impaired clearing of blood 
: triglyceride. 

Z4 ; ACKNOWLEDGMENTS 

The authors are grateful to Mr. Michael Blunda for 

cellent assistance, and Ms. Mary Jordan for her secre tarial/,^^^^®^ 

assistance. 

This work was supported by grants from the Council • • 
for Tobacco Research—U. S. A., Inc., and the Washington 
Ileart Association. 

• • ■ ’' -- h 

■ ■ LJ3-V y REFERENCES ' - '• ^^2 ^ 

1. Scow, R. O., M. Hamosh, E. J. Blanchette-Mackie, and 

’ A. J. Evans. 1972. Uptake of blood triglyceride by vari- M* 

,.v ous tissues. Lipids. 7: 497-505. :*-.-*\* :• 

2. Otway, S., and D. S. Robinson. 1968. The significance Sr 
of clianges in tissue clcaring-factor lipase activity in . 
relation to the lipaeinia of pregnancy. Biochcm. J . 106: 

677 - 682 . , C/t "C'’ 

3. Hamosh, M. t T. R. Clary, S. S. Ctiernick, and R. O. Qp ,' fv ; 
Scow. 1970. Lipoprotein lipase activity of adipose and 

mammary tissue and plasma triglyceride in pregnant Sfii..; 

. ; ; v :;: '?w:& 


■<* ■' <■ 




'jit , * it 1 1 r- < ^^1. yt /v VAa vvi-A m K r> : -t i—i i i ^ 






'•i*- 4 ■ 


- £>•-:: 
V,* v ' 


* V : 4#-' 
- •#'' 


^'Igt 


P-- 

m 


m ''-' v 

fej' < a: 

Wt:- 


^ P : " ^ V\ • > : }.v v :'• ’ 

and lactating rats. Biochitn. Biophys. Ada . 210 : 473- . ; for impaired post-heparin lipolytic activity. /* jCtin, 

482. .:»<&• . 1 ■ ' Eiu/ocriuo/. MVtob. 35: 425-437. - , 

Gltieck, C. J. f D. Scheel, J. Fishback, and P, Steiner. 11. Fabian, E., A. Stork, J. Kobilova, and j. Sponarovar*??v 
1972, Progestagens, anabolic-androgenic compounds, es- ’C\\ 1967. The activity of the lipoprotein lipase and estro^S 
trogens: effects on triglycerides and postheparin lipo- '* 1 gens. Ensymol Biol. Clin . 8: 451-455. 
lytic enzymes. Lipids. 7: 110-113. 1 ‘ V^&Vlfc LaRosa, J. C, R. I. Levy, H. G. Windmueiler, ancTD. 

Hazzard, VV. R., M. J. Spiger, J. P. Bagdadc, and E. S. Fredrickson. 1972. Comparison of the triglyceride'X-& 

L. Bierman. 1969. Studies on the mechanism of in- t . lipase of liver, adipose tissue and postheparin plasma.^*! 

creased plasma triglyceride levels induced by oral con- Vv /. Lipid Res. 13: 356-363. 

traceptives. N. Engl. J. Med. 280 : 471-474. 13. Krauss, R. M., R. I. Levy,' and D. S. Fredrickson^^ 

Yoshinega, K. t R. A. Hawkins, and J. F. Stocker. 1969. 1974. Selective measurement of two lipase activities in^1$- 

Estrogen secretion by the rat ovary in vivo during the \'* postheparin plasma from normal subjects and patients $$ 
estrous cjrcle and pregnancy. Endocrinology. 85: 103- >. with hyperlipoproteinemia. /. Clin. Invest. 54: 1107— 

Chen, C. L., and Meites. 1969. Effects of estrogen 14. Robinson, D. S. 1970. The function of plasma triglyce^^. 

and progesterone on pituitary and serum prolactin levels -■£'ride in fatty acid transport Comprehen. Biochcm . 18: 
as measured by radioimmunoassay. Fed. Proc. 28: 505. 51-116. i'' ■■ 

(Abstr.) - : • 15. Zinder, O., M. Hamcsh, T. R. Clary Fleck, and R. O :M 

Cairns, A., and P. Constantinides. 1955. Endocrine Scow. 1974. Effect of prolactin on lipoprotein lipase in 

effects on heparin-induccd Hpemia-clcarning activity mammary gland and adipose tissue of rats. Ant. ' V// 

(LCA) of rat plasma. Can. J. Biochcm. Physiol 33: . v Physiol. 226: 744-748. ~ •: ^ 

530-538. V- f •;*''" Id. Amenomori, Y. f C. L. Chen, and J. Meites. 1970. Serum 


ens, anabolic-androgenic compounds, es- 1967. The activity of the lipoprotein lipase and estren^fe 

on triglycerides and postheparin lipo- 1 gens. EnsymoL Biol. Clin . 8: 451-455. 

Jpids. 7: 110-113. ’LaRosa, J. C. f R. I. Levy, H. G. Windmueiler, arnTD.'^ 

M. J. Spiger, J. P. Bagdadc, and E. . S. Fredrickson. 1972. Comparison of the triglyceride 
^9. Studies on the mechanism of in- t v lipase of liver, adipose tissue and postheparin plasma^fi! 
triglyceride levels induced by oral con- Lipid Res . 13: 356-363. • «?jr' S 

*ngl. J. Med. 280: 471-474. m&. i3. Krauss, R. M., R. I. Levy,' and D. S/'Fredrickson^# 

3.. A. Hawkins, and J. F. Stocker. 1969. . 1974. Selective measurement of two lipase activities in^l$ 

on by the rat ovary in vivo during the \ ^postheparin plasma from normal subjects and patients ^ 
»d pregnancy. Endocrinology. 85: 10£- with hyperlipoproteinemia. /, Clin. Invest. 54: 1107- 


effects on heparin-induccd Hpemia-clcarning activity 
(LCA) of rat plasma. Can. J. Biochcm . Physiol. 33: 
530-538. : Vv ^ 

Hamosh, M., and P. Hamosh.. 1975. Lipoprotein lipase 
in rat lung. The effect of fasting. Biochim. Biophys. 
Acta. 380: 132-140. '< ! ^ 


prolactin levels in rats during different reproduction ]f4- 


Hazzard, W. R., D. T. Notter, M. J. 5piger, and E. L. 
Bierman. 1972. Oral contraceptives and triglyceride 
transport: acquired heparin resistance as the mechanism 


f. . states. Endocrinology. 86: 506-510. 

Bragdon, J. H., and R. S. Gordon, Jr! 1958. Tissue 1V 


' distribution of C u after the intravenous injection of '% 
labeled chylomicrons and unesterified fatty acids in the 


* rat /. Clin. Invest. 37: 574-578. 


... pth-,- 

■.mt: ■ 


r"-- - 




' 'J Vr : ' 




mm 


• • ’ ■' 


Si 

V • .j- vv^, ".tCf 


..vfj 


Estrogen Effect on Lipoprotein Lipase Activity of Rat AdiDnse Tissue 1135 \ 


-.l*- ■■■■■ ■ r.4s 

•*<■ • .- Sv,v,,/ -tv v * 


***■*<- ^sius. 


